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Archaea, along with Bacteria and Eukarya, are the three domains of life. In all living cells, chromatin proteins serve a crucial
role in maintaining the integrity of the structure and function of the genome. An array of small, abundant and basic
DNA-binding proteins, considered candidates for chromatin proteins, has been isolated from the Euryarchaeota and the
Crenarchaeota, the two major phyla in Archaea. While most euryarchaea encode proteins resembling eukaryotic histones,
crenarchaea appear to synthesize a number of unique DNA-binding proteins likely involved in chromosomal organization.
Several of these proteins (e.g., archaeal histones, Sac10b homologs, Sul7d, Cren7, CC1, etc.) have been extensively studied.
However, whether they are chromatin proteins and how they function in vivo remain to be fully understood. Future investiga-
tion of archaeal chromatin proteins will lead to a better understanding of chromosomal organization and gene expression in
Archaea and provide valuable information on the evolution of DNA packaging in cellular life.
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All living organisms face the challenging task of packaging
extraordinarily long chromosomal DNA into the small
space within a cell while permitting ready access to the ge-
netic information in the genome by molecular machineries
functioning in DNA transactions. Chromatin proteins serve
essential roles in chromosomal organization and compaction
as well as in highly regulated expression of genes. The three
domains of life have evolved a range of small, basic and
abundant DNA-binding proteins believed to be involved in
chromosomal organization. This review will focus on these
proteins (Figure 1).

Archaeal chromosomes are all circular DNA molecules
accompanied occasionally by extrachromosomal genetic
elements. Known archaeal genomes range in size from 0.49
(Nanoarchaeum equitans) [1] to 5.75 Mbp (Methanosarcina
acetivorans) [2]. Genomic DNA is negatively supercoiled in
mesophilic Archaea but is relaxed to slightly positively
supercoiled in thermophilic Archaea [3]. The unique geom-
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etry of DNA in thermophilic Archaea, which is not found in
any other organisms, may represent a strategy of adaptation
of these organisms to growth in hot habitats. It is worth
noting that positive DNA supercoiling is consistent with the
presence of reverse gyrase, a topoisomerase capable of in-
troducing positive supercoils into DNA at the expense of
ATP, in thermophiles [4,5].

The domain Archaea consists of five kingdoms, the
Crenarchaeota, the Euryarchaeota, the Korarchaeota, the
Thaumarchaeota and the Nanoarchaeota [6]. A number of
chromatin proteins from crenarchaea and euryarchaea have
been extensively studied. While euryarchaea primarily em-
ploy homologs of eukaryotic histones in DNA packaging,
crenarchaea appear to have evolved distinctly different
strategies for chromosomal organization. Analyses of ar-
chaeal chromatin proteins have shed considerable light on
the diversity and evolution of DNA packaging mechanisms
in living organisms.
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1 Euryarchaeal chromatin proteins
1.1 Archaeal histones

An archaeal histone was first isolated from Methanothermus
fervidus in 1990 [7,8]. Over 30 archaeal histone-encoding
sequences have now been identified [9]. Genome sequenc-
ing shows that nearly all euryarchaea encode archaeal his-
tones. The recent discovery of histone genes in some
crenarchaeal genomes [10] suggests that histones are more
widely distributed phylogenetically and have a more ancient
origin than previously believed (Figure 1).

Archaeal histones exist as dimers in solution and resem-
ble eukaryotic H3 and H4 in structure [11]. Each histone
monomer possesses a minimal histone fold including three
a-helices separated by two short B-strand loops (Figure 2).
Upon binding to DNA, archaeal histone dimers form te-
tramers and, in some cases, hexamers [12]. The histone te-
tramer binds approximately 90 bp of dsDNA [13], wrapping
it around the surface of the tetramer and thereby constrain-
ing negative supercoils at physiological temperature and salt
concentrations [14]. It has been shown that tetramerization
is critical to the function of archaeal histone since mutations
at the dimer-dimer interface impair the ability of the his-
tones to bind DNA [12]. In addition, mutation of some key
residues at the dimer-dimer interface alters the direction of
supercoiling imposed by the histone tetramers [12].

Many Archaea synthesize multiple histone homologs ca-
pable of forming both homodimers and heterodimers. Gene
expression for different histone homologs in Thermococcus
zilligii, Methanococcus voltae and M. fervidus exhibits dif-
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Figure 1 Phylogenetic distribution of proposed archaeal chromatin pro-
teins. Representative archaeal species are indicated.
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ferent growth phase dependencies [15,16]. It is speculated
that the relative abundance of the homo- and heterodimeric
forms may modulate the nature of chromosomal organiza-
tion during the different growth phases [17]. Histones from
Methanopyrus kandleri and Halobacterium salinarum, re-
ferred to as HMk homologs, are composed of two tandemly
fused histone folds separated by a linker region [18,19]
(Figure 2A). These proteins are thus obligate pseudo-
heterodimers.

Genetic analysis of archaeal histones was first applied to
Methanococcus voltae, the genome of which encodes three
histone-folding proteins (i.e., HstA, HstB and HMvA) and a
single Sac10b homolog [20]. Deletion of any individual
protein did not affect viability, demonstrating that the
chromatin proteins probably have overlapping functions.
Only one mutant strain, AHstA, exhibited a slightly de-
creased growth rate. However, the abundance of a variety of
cellular proteins from the four mutants varied, indicating a
pleiotropic effect on gene expression. The requirement for an
archaeal histone was then evaluated in Methanosarcina mazei
Gol by insertional disruption of the only histone, HMm [21].
Loss of HMm was not lethal but resulted in mutants that have
impaired ability to grow on methanol and trimethylamine,
suggesting that the archaeal histone is dispensible. Transcrip-
tion levels for approximately 25% of all M. mazei genes de-
creased in the mutant strain, indicating that HMm probably
plays important roles in transcriptional activation.

In Eukarya, modulation of chromatin structure through
physical and covalent modification of core histones is an
integral part of DNA transactions such as transcription,
DNA repair and replication [22]. The N-terminal tails of
histones, thought to be important for mediating in-
ter-nucleosome interactions, are sites for extensive post-
translational covalent modifications, including methylation,
acetylation, phosphorylation and ubiquitination [22]. Acet-
ylation and methylation of histone tails are key events in the
regulation of eukaryotic genetic processes [22,23]. Unlike
their eukaryal counterparts, archaeal histones lack the N-
and C-terminal extensions [22] (Figure 2). To date, only one
of the components involved in eukaryal histone modifica-
tions, i.e., the histone acetyltransferase Elp3, has been
shown to have homologs in Archaea by genome sequence
analysis [8,24,25]. However, no acetylations or other forms
of modification have been demonstrated in archaeal his-
tones.

1.2 Other euryarchaeal chromatin proteins: HTa and
MC1

HTa was isolated from Thermoplasma acidophilum about
30 years ago, and, based on sequence similarity analysis,
was proposed to be a member of the bacterial HU protein
family [26]. HU is one of the most abundant bacterial
chromatin proteins [27]. Hta is found to be restricted to the
genera of Thermoplasma and Ferroplasma. Intriguingly,
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H3-H4

Figure 2 A comparison of crystal structures of archaeal and eukaryotic histones. A, Structure of HMk. The two histone folds are shown in cyan and ma-

genta, respectively, and the linker region between them is highlighted in yellow. B, Structure of (HMfb),. The two subunits are shown in cyan and magenta,

respectively. C, Structure of a H3-H4 dimer. H3 is shown in magenta and H4 in cyan. The figures were generated with PyMol using the PDB coordinates
1F1E, 1BFM and 1AO], respectively.

these organisms are the only euryarchaea known to lack
histones. HTa has been shown to raise the melting tempera-
ture of bound DNA and to cause severe DNA bending [26].
The physiological function of the protein is unclear but,
based on studies on bacterial HU proteins, HTa may partic-
ipate in chromosomal compaction and gene regulation.

Methanosarcina and Methanothrix encode an abundant
DNA-binding protein, termed MC1, in addition to a single
archaeal histone [28]. MCI1 family members are also pre-
dicted to be present in Halococcus, Halobacterium and
Haloferax [29]. Sequence comparison reveals no relation-
ship between MC1 and other known chromatin proteins.
MCl1, estimated to be present at ~1 monomer per ~170 bp in
the Methanosarcina cell [28], binds preferentially to nega-
tively supercoiled DNA and to four-way Holliday structures
with a binding size of ~11 bp per monomer [30]. Binding by
MCI results in DNA bending and negative DNA supercoil-
ing, and protects the DNA against radiolysis and heat dena-
turation [28]. MC1 was shown to stimulate E. coli RNA
polymerase activity in vitro at low protein to DNA ratios,
and inhibit the transcription at higher ratios [31].

2 Crenarchaeal chromatin proteins
2.1 Sul7d

Hyperthermophilic Archaeca of the genus Sulfolobus
synthesize large amounts of small, basic DNA-binding pro-
teins [32,33]. Among these proteins, members of the 7-kD
protein family are the most abundant. The 7-kD proteins
were first isolated from S. acidocaldarius, which produces
five species, designated Sac7a-e in order of increasing ba-
sicity [32]. Highly similar homologs have been found in all
Sulfolobus species as well as in the related Metallosphaera
sedula, but not in other Archaea [34]. These proteins, col-
lectively known as Sul7d proteins, have been extensively

studied over the past three decades. The proteins bind dou-
ble-stranded DNA as monomers and with little sequence
specificity [35]. Binding by the Sul7d proteins raises the Tm
of DNA by as much as 40°C [35]. Moreover, Sul7d also
facilitates the reannealing of complementary single strands
of DNA at high temperature [36]. Fluorescence titrations
and gel shift assays have shown that the affinity of the
Sul7d proteins for double-stranded DNA is in the micromo-
lar range in low salt [35,37,38]. However, different esti-
mates of the binding size (3—6.6 base pairs) were obtained
in these studies [35,37,38]. Sul7d is capable of constraining
negative DNA supercoils [39,40].

Structures of several Sul7d proteins alone and in com-
plex with DNA have been resolved [41-44]. These proteins
show a SH3-like organization with a B-barrel fold. In the
protein-DNA complexes, Sul7d binds dsDNA in the minor
groove (Figure 3). Two hydrophobic residues Val26 and
Met29 are intercalated between base pairs, introducing a
sharp single-step kink (~60°) in the double helix [42,43].
Unwinding and bending of the DNA as the result presuma-
bly provide the structural basis for the ability of Sul7d to
constrain negative DNA supercoils in vitro [42,43].

The Sul7d proteins from both S. acidocaldarius and S.
solfataricus are monomethylated at selected lysine residues
to different extents in a strain-dependent manner [45-48].
The extent of the lysine methylation increases in vivo with
increasing growth temperature [45]. These observations
point to the functional relevance of Sul7d methylation.
However, methylation does not affect the binding affinity of
Sul7d for DNA, probably because the lysine residues that
undergo methylation are not located at the protein-DNA
interface [42].

Sul7d homologs make up nearly 5% of the cellular pro-
tein [44]. Their abundance, together with their ability to
bind DNA without sequence specificity and to constrain
DNA in negative supercoils, suggests that they may play an
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Figure 3 Structure of Sac7d bound to DNA. A, Structure of Sac7d-GCGATCGC (PDB code: 1AZP). The duplex DNA is bent by 70° as the result of its

interaction with Sac7d in the minor groove. The intercalated residues are shown as sticks in blue (Val26 and Met29). B, The side view of the structure in

panel A. The sharp kink (~60°) between A3 and A4 step is marked. C, Structure of Sac7d-GTAATTAC (PDB code: 1AZQ). The figures were generated
using PyMol.

important role in DNA packaging and chromosomal organ-
ization in vivo. This is consistent with the observation that
Sul7d compacts relaxed or positively supercoiled DNA
[40,49]. Given their effect on DNA geometry, Sul7d pro-
teins likely serve a role in duplex stabilization. Transient
single-stranded DNA bubbles probably form more readily
and extensively at temperatures suitable for the growth of
hyperthermophiles [50]. These single-stranded regions in
DNA are potential sites for the initiation of abnormal or
detrimental cellular processes. Sul7d may protect the chro-
mosomal DNA of Sulfolobus from undergoing local dena-
turation at high growth temperatures through direct pro-
tein-DNA interactions as well as by its effect on the super-
helicity of protein-free DNA regions.

Interestingly, Sul7d is capable of reversing thymidine
dimers through a photoreactivation-type reaction, protecting
DNA from UV-induced damage. Irradiation of Sul7d leads
to oxidation of Trp24, a conserved tryptophan residue lo-
cated at the DNA binding interface. If the tryptophan resi-
due is close to a thymidine dimer, electron transfer occurs,
leading to oxidation and thus repair of the thymidine dimer
[51]. Although this process is much less efficient than pho-
toreactivation mediated by photolyases, the very high in
vivo level of Sul7d may ensure that Sul7d-mediated repair is
physiologically relevant.

2.2 Cren7

Cren7 is the only chromatin protein known to be conserved
at the kingdom level in the Crenarchaeota. The protein
was recently isolated from S. shibatae [33]. pBLAST
results show that all genome-sequenced crenarchaea encode
Cren7 homologs except for Thermophilum pendens Hrk5
(Figure 1 and 4A). Intriguingly, 7. pendens Hrk5 encodes
an archaeal histone, whereas all Cren7-encoding crenar-
chaea do not [27,33,52]. Therefore, it is tempting to specu-

late that Cren7 serves a function in crenarchaea similar to
that of archaeal histones in euryarchaea, and that the
crenarchaeal branch in Archaea shares a common strategy
in chromosomal organization.

Cren7 from S. shibatae is a polypeptide of 60 amino acid
residues and has an isoelectric point of 9.87 [33]. The pro-
tein accounts for ~1% of the total cellular protein. Native
Cren7 from S. shibatae is multiply methylated at some of its
12 lysine residues [33]. Unlike what has been shown for
Sul7d, methylation occurs at several lysine residues located
at the DNA binding surface (e.g., K16 and K31) [33]. Mod-
ification at these sites may affect the interaction of the pro-
tein with DNA. The protein binds preferentially to dou-
ble-stranded DNA in vitro and is associated with genomic
DNA in vivo. Cren7 protects dsDNA from thermal denatur-
ation by increasing its melting temperature by up to ~29°C.
Cren7 constrains negative DNA supercoils about twice as
efficiently as Sul7d. As revealed by NMR, Cren7 adopts an
SH3-like fold [33]. It interacts with duplex DNA through a
B-sheet and a long flexible loop between the B3- and
B4-strands. In the crystal structures of Cren7 from S. solfa-
taricus in complex with two short double-stranded DNA
fragments, the protein binds in the minor groove of DNA
and causes a single-step sharp kink in DNA (~53°) through
the intercalation of the hydrophobic side chain of Leu28 [53]
(Figure 4B). Loop B3-p4 of Cren7 undergoes a significant
conformational change upon binding of the protein to DNA,
suggesting its critical role in stabilizing the protein-DNA
complex.

Cren7 resembles Sul7d in structure [33,53]. However,
the two proteins share no significant similarity at the amino
acid sequence level. Both Cren7 and Sul7d appear to be
functional since they are both synthesized in large quantities
in the cell. Thus, the question arises as to why they are both
needed. A structural comparison between the DNA-binding
surfaces of the two proteins may offer some clues (Figure
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4C and D). First, Cren7 possesses a long loop between 3
and B4 in the DNA-binding surface, which contains four
DNA-interacting residues and covers about two base pairs,
while Sac7d, a Sul7d protein from S. acidocaldarius, has a
small hinge in the corresponding region (Figure 4C). Se-
cond, the sheet formed by the B1- and B2-strands in Cren7
does not interact with DNA (Figure 4D). By contrast, Lys7,
Tyr8 and Lys9, which are located in the corresponding re-
gion in Sac7d, interact with the deoxyribose of the DNA
backbone. Third, a single residue (Leu28) in Cren7 is inter-
calated between the base pairs of the bound DNA, generat-
ing a sharp DNA kink. In comparison, a similar DNA de-
formation is caused by intercalation of two residues (Val26
and Met29) in Sac7d [42,43]. Val36, which corresponds to
Met29 in Sac7d and is highly conserved in Cren7, contacts
the deoxyribose of the DNA (Figure 4C). These observa-
tions reinforce the notion that Cren7 and Sul7d serve dis-
tinct functions in chromosomal organization and regulation
of gene expression.

23 CC1
Analysis of genome sequences has revealed no homologs of
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genes encoding single-stranded DNA binding protein (SSB)
in organisms of the order Thermoproteales. A search for
proteins capable of ssDNA binding led to the identification
of CC1, a small basic protein of primarily beta-sheet organ-
ization [54]. CC1 shows nearly identical affinities for ssD-
NA and dsDNA, but binds to the former in a highly cooper-
ative manner. A CC1 monomer binds approximately six
base pairs [55]. The ability to bind strongly to ssDNA sepa-
rates CC1 from Sul7d or Cren7, which binds ssDNA poorly
[55]. Although CCl is restricted to the order Thermopro-
teales and Aeropyrum pernix, its beta sheet-rich structural
feature is shared by both Sul7 and Cren7, an observation
suggestive of the evolutionary relationship among various
crenarchaeal chromatin proteins despite their low amino
acid sequence similarity.

3 The Sacl0b protein family (Alba)

A small, abundant DNA-binding protein, denoted Sac10b,
was first isolated from S. acidocaldarius in the mid-80s [56].
Later, homologs of Sac10b were found to be highly con-
served among Archaea and make up the SaclOb protein

w— Cren7-GTAATTAC
m— Sac7d-GTAATTAC

Figure 4 Structures of Cren7 in complexes with DNA. A, Sequence alignment of Cren7 homologs in crenarchaea with the secondary structural elements

labeled. B, Superposition of the two Cren7-DNA complexes, fitted by common protein main-chain atoms. C, The DNA binding surfaces of Cren7 and Sac7d

with the two loop regions labeled. D, Superposition of the Cren7-GTAATTAC complex (PDB code: 3LWH) and the Sac7d-GTAATTAC complex (PDB

code: 1AZQ) fitted using all atoms on one of the DNA strands. The Cren7-DNA complex is shown in magenta, as in C; and the Sac7d-DNA complex is
shown in cyan. The figures were generated using PyMol.
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family (Figure 1) [57]. The absence of these proteins in the
mesophilic euryarchaea belonging to Halobacteria and Me-
thanosarcinales is a notable exception. Intriguingly, Sac10b
homologs have also been detected in some eukarya [57].
The Sacl0b proteins have a molecular mass of ~10 kD and
bind DNA without apparent sequence preference. Ssh10b, a
Sac10 homolog from S. shibatae, exists as a homodimer in
solution, and is able to constrain negative DNA supercoils
in a temperature-dependent fashion [58]. However, an EM
study has revealed that coating of dsDNA by Sac10b does
not result in significant compaction in vitro [49].

Native SsolOb, a Sac10b homolog from S. solfataricus,
is acetylated at the N-terminus and on Lys16 [59]. Since
acetylation was reported to decrease the affinity of the pro-
tein for DNA, the Sac10b protein family is also referred to
as ‘Alba’, which stands for “acetylation lowers binding af-
finity” [59]. However, later studies showed that the differ-
ence between the acetylated and unmodified forms of the
protein in DNA binding affinity was not as large as initially
shown [60]. The deacetylase Sir2 associates with Ssol10b in
vivo, and the transacetylase Pat acetylates SsolOb specifi-
cally on Lys16 in vitro [61]. The presence of a reversible
Sso10b acetylation system suggests a histone-like reversible
modification of Sacl0Ob homologs, which could be im-
portant for controlling DNA availability for replication,
transcription and recombination.

Structural studies show that SsolOb, a Sac10b homolog

May (2012) Vol.55 No.5

from S. solfataricus, has a mixed o/f fold reminiscent of the
C-terminal domain of bacterial translation initiation factor
IF3 and the N-terminal domain of the nuclease DNasel [59]
(Figure 5A). Two long B-hairpin arms formed by the B3 and
B4 strands extend in opposite directions from the body of
the protein dimer and span a distance of ~40 A. Two highly
conserved loops are included in the highly basic surface of
the central body of the protein dimer and are separated by
~20 A (approximately the width of the DNA double helix).
The loops contain two consecutive lysine residues (Lys16
and Lys17) that are both implicated in DNA binding. More
recently, analysis of the crystal structure of Alba2
(Apel0b2), a Sacl0b homolog from Aeropyrum pernix, in
complex with a 16-bp duplex DNA reveals that the Alba2
dimers pack on either side of the bound dsDNA in succes-
sive minor grooves [62] (Figure 5SB). The overall structure
of the Alba2 subunit in the DNA complex is similar to the
apo-Alba2 structure, consisting of two a-helices and four
B-strands arranged in the order of B1-al-p2-a2-B3-p4 in the
primary structure. Superposition of Alba2 and DNA-bound
structures showed that the extended loop connecting the
B3-p4 hairpins adopts large conformational changes upon
binding to DNA. However, the extended hairpin loop does
not contact the bound DNA. This structural change may
play an important role in oligomerization of Alba2-dimers
during DNA binding to fit the incoming Alba2-dimer coop-
eratively without steric clashing.

Although the Sac10b proteins were long considered to be

Figure 5 Structures of Ssol0b and the Alba2-DNA complex. A, Structure of a homodimer of Sso10b (PDB code: 1HOX). The two monomers are shown in
cyan and magenta, respectively. Residues Lys16 are marked in yellow. B, Structure of Alba2 (ApelOb) in complexes with a DNA duplex (PDB code: 3U6Y).
The two monomers are shown in cyan and magenta, respectively, and DNA is shown in yellow. The figures were generated with PyMol.
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chromosomal DNA-binding proteins serving a potential role
in chromatin organization and DNA transactions, evidence
has been accumulating that argues against DNA being the
sole binding target for the proteins in vivo [63—65]. An early
immunogold electron microscopic study shows that the S.
acidocaldarius DBNP-B protein, which is presumably iden-
tical to SaclOb, is located exclusively in the ribo-
some-containing cytoplasm [63]. Ssh10b has been shown to
exhibit similar affinities for dSDNA, ssDNA and ssRNA in
vitro and co-purified with ribosomes [64]. The protein was
crosslinked to RNA, instead of DNA, when the cell was
irradiated with UV light. In addition, both DNase and
RNase released SsolOb from cellular nucleic acid-protein
complexes, suggesting that this protein is associated with
both DNA and RNA in vivo [64]. Sequence profile searches
predict that at least some members of the SaclOb family
play a role in RNA metabolism [65].

The functions of the Sac10b proteins in methophilic Ar-
chaea appears to be different from those in thermophilic
Archaea. MmalOb, a Sac10b homolog from Methanococcus
maripaludis, constitutes only ~0.01% of the total cellular
protein [66]. In comparison, Ssh10b accounts for 1.7% of
the cellular protein [64]. The low cellular abundance sug-
gests that MmalOb is unlikely a major architectural chro-
matin protein. Disruption of the gene encoding MmalOb
resulted in a phenotype of poor growth in minimal medium
close to the optimal growth temperature but showed no de-
tectable effect on growth in rich medium. By contrast, at-
tempts to delete the gene for SislOb, a Sacl0b homolog
from S. islandicus, were unsuccessful, suggesting that the
gene is essential for the growth of the organism. However,
MmalOb appears to be able to bind preferentially to specific
DNA sequences, raising the possibility that the protein
plays a regulatory role in the expression of genes at specific
loci. More recently, it was reported that Mth10b, a member
of the Sacl0b family from Methanobacterium thermoauto-
trophicum AH, binds neither DNA nor RNA in vitro [67]. It
appears that the Sac10b proteins share an ancient origin, and
have diverged greatly in function during the evolution.
Whether they are recruited as chromatin proteins in some
Archaea remains to be determined.

4 Conclusion and future perspectives

Despite extensive research on putative chromatin proteins
from Archaea, our understanding of the chromatin architec-
ture in this domain of life is still rudimentary. Archaea do
not appear to share a unified version of chromatin. The
available data suggest that two distinctly different
DNA-packaging strategies, based on archaeal histones and
Cren7, respectively, have evolved in Archaea. The former
strategy is employed by the majority of euryarchaea, korar-
chaea, thaumarchaea and nanoarchaea, whereas the latter
one is used by most crenarchaea. Archaeal histones are
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clearly capable of mediating a primary level of DNA com-
paction. However, it is unclear how Cren7 may play a role
in chromosomal organization in crenarchaea. Obviously,
more research is needed to elucidate the molecular basis of
the structural role of Cren7 and other related proteins in
chromosomal organization.

Over the past three decades or so, a number of small,
abundant chromosomal DNA-binding proteins have been
described. However, the entire landscape of chromatin pro-
teins required for structuring and remodeling the chromatin
in Archaea, especially crenarchaea, remains to be defined.
As has been shown in previous studies, various phylogenet-
ic groups in crenarchaeca may employ different chromatin
proteins. In addition, if archaeal histone and Cren7 are in-
volved in the formation of basic nucleoprotein assemblies,
additional chromatin proteins are presumably needed to
facilitate higher-order chromosomal compaction. Therefore,
searches for additional chromatin proteins are essential for
chromatin modeling.

Posttranslational modification of chromatin proteins
plays key roles in both chromatin packaging and regulation
of DNA transactions, such as DNA replication and tran-
scription. It has been speculated that methylation of Cren7
or Sul7d is a regulatory mechanism in DNA compaction
and gene expression, presumably responding to changes in
environmental stresses. Clearly, this area will attract more
attention in the future.

Considerable effort has been put into the in vitro charac-
terization of the proposed archaeal chromatin proteins. The
combined use of traditional approaches as well as single
molecule methods may aid in unraveling the features of
archaeal chromatins in the cell. Clearly, exciting discoveries
remain to be made that will not only increase our
knowledge of chromatin structures and gene regulation in
Archaea but also shed light on the evolution of chromoso-
mal packaging in the living world.

Our work cited in this review was supported by the National Natural Sci-
ence Foundation of China, Ministry of Science and Technology and Chi-
nese Academy of Sciences. We apologize to researchers whose work was
not cited because of space limitations.
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